were the lowest observed at the reservoir surface. Emissions from this area contributed 15-50 25% to total annual emissions although they occur on a surface area representative of less 51 than 1% of the total reservoir surface. We highly recommend measurements of diffusive 52 fluxes around water intakes in order to evaluate if such results can be generalized. 53
Although they corresponded to less than 10% of the observations, these CH 4 extreme 45 emissions (>5 mmol m -2 d -1 ) contributed up to 50% of total annual emissions by diffusion. 46
During the transition between the WD and WW seasons, a new hotspot of emissions was 47
Gas chromatography 151
Analysis of CH 4 concentrations were performed by gas chromatography (SRI 8610C gas 152 chromatograph, Torrance, CA, USA) equipped with a flame ionization detector. A subsample 153 of 0.5 ml from the headspace of water sample vials was injected. Commercial gas standards 154 (10, 100 and 1010 ppmv, Air Liquid "crystal" standards) were injected after analysis of every 155 10 samples for calibration. Duplicate injection of samples showed reproducibility better than 156 5%. 157
Water column CH 4 storage 158
Between two sampling depth of the vertical profiles of CH 4 concentrations, the CH 4 159 concentrations were assumed to change linearly in order to calculate the concentration in each 160 1-m layer of water. The volume of water in each layer was calculated using the volume-161 capacity curve (NTPC, 2005) . The CH 4 storage was calculated by multiplying the average 162 CH 4 concentrations of each layer by the volume of the layer and summing-up the amount of 163 CH 4 for all depth intervals. 164
Aerobic CH 4 oxidation 165
The depth-integrated CH 4 oxidation rates at each station were calculated on the basis of the 166 specific oxidation rates (d -1 ) determined at NT2 (Deshmukh et al., 2015) and the vertical 167 profiles of CH 4 and O 2 concentrations in the water column as already described in (Guerin 168 and . The depth-integrated CH 4 oxidation rates at each station were estimated 169 only from January 2010 since the vertical resolution of the vertical profiles of O 2 and CH 4 170 was not high enough in 2009. 171
Estimation of diffusive fluxes from surface concentrations 172
The diffusive CH 4 fluxes were calculated from the fortnightly monitoring of surface 173 concentrations with the thin boundary layer (TBL) equation at all stations in the reservoir 174 (RES1-9). The CH 4 surface concentrations in water and the average CH 4 concentration in air 175
(1.9 ppmv) obtained during eddy covariance deployments (Deshmukh et al., 2014) were 176 applied in equation (1) to calculate diffusive flux: 177
where F, the diffusive flux at water-air interface; k T , the gas transfer velocity at a given 179 temperature (T); ∆C = C w -C a , the concentration gradient between the water (C w ) and the 180 concentration at equilibrium with the overlying atmosphere (C a ). Afterward, the k T was 181 computed from k 600 with the following equation: 182
with Sc T , the Schmidt number of CH 4 at a given temperature (T) (Wanninkhof, 1992) ; n, a 184 number that is either 2/3 for low wind speed (< 3.7 m s −1 ) or 1/2 for higher wind speed and 185 turbulent water (Jahne et al., 1987) . 186
For the determination of k 600 at the stations RES1-8, we used both the formulations from 187 
Hot moments of emissions during sporadic destratification and reservoir overturn 429
The figure 7 illustrates the evolution of the diffusive fluxes, the stratification index (ΔT), the 430 CH 4 storage and the aerobic CH 4 oxidation at the stations RES1, RES3, RES7 and RES8. 431
These four stations were selected for their contrasting skewness ( Figure S3 ) which gives an 432 indication on the occurrence of extreme events and the facts that they are representative for all 433 station characteristics (Table 1) hotspot at other reservoirs might be highly dependant on the design of the water intake (depth 511 among other parameters) and its effect on the hydrodynamics of the reservoir water column. 512
Estimation of total diffusive fluxes from the reservoir 513
Yearly emissions by diffusive fluxes peaked at more than 9 Gg(CH 4 ) in 2010 when the 514 reservoir was commissioned and they decreased down to ≈ 5 Gg(CH 4 ) in 2011 and 2012 515 (Figure 8a and Table 3 and 2010 is due to very significant emissions of 2-3 Gg(CH 4 ) at the water intake (Figure 8a) . 529
This outgassing of CH 4 was triggered by the vertical mixing generated by the withdrawal of 530 water from the reservoir to the turbines. Although the area under the influence of the water 531 intake is less than 1% of the total area of the reservoir, emissions at the water intake 532 contributed between 13 and 25% of total diffusive emissions and 4 to 10 % if considering 533 both ebullition and diffusion (Table 3) . It is worth to note that emissions at this site are only 534 significant within 3-5 month per year at the end of the WD season-beginning of the WW 535 season when the storage of CH 4 reach its maximum in the reservoir (Figure 8b ). This new 536 hotspot equals 20 to 40% of downstream emissions and contributes between 4 and 7% of total 537 emissions from the NT2 reservoir surface when including ebullition and downstream 538 emissions (Table 3 and Deshmukh et al. (2015) ). Very localized perturbation of the 539 hydrodynamics, especially in lakes or reservoirs with CH 4 -rich hypolimnion, can generate 540 hotspots of emissions contributing significantly to the total emissions from a given ecosystem. 541
These hotspots could be found upstream of dams and water intake in reservoirs but also 542 around aeration stations based on air injection or artificial mixing that could be used for 543 improving water quality in water bodies (Wüest et al., 1992) . 
Conclusion

565
The fortnightly monitoring of CH 4 diffusive emissions at nine stations revealed complex 566 temporal and spatial variations that could hardly been characterized by seasonal sampling. 567
The highest emissions occur sporadically during hot moments in the rainy season and when 568 the reservoir overturns. In the rainy season, they mostly occur in the inflow region because the 569 increase of the discharge of cool water from the reservoir tributaries contributes to sporadic 570 thermal destratification. During the reservoir overturn, extreme emissions occur mostly in 571 area remotely located from the inflows and outflows that are supposed to have the highest 572 water residence time. It shows that diffusive emissions can be sporadically as high as 573 ebullition and that these hot moments could contribute very significantly to the total emissions 574 from natural aquatic ecosystems and reservoirs. Our results showing that a monthly frequency 575 monitoring is the minimum required to capture all emissions is probably not applicable to 576 every aquatic ecosystem. However, it suggests that quantification of emissions based on 2-4 577 campaigns in a year might significantly affect emissions factors and carbon budgets of 578 ecosystems under study. 579
We also identified a new hotspot of emissions upstream of the water intake resulting from the 580 artificial destratification of the water column due to horizontal and vertical mixing generated 581 by the water withdrawal. In the case of the NT2R, emissions from this site contribute up to 582 25% of total diffusive emissions over less than 1% of the total reservoir area. We highly 583 recommend measurements of diffusive fluxes around water intakes ( 
